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FIG. 2 



THE STEP OF COMPUTING A GREATEST LOWER BOUND FOR THE BANDWIDTH 
USED IN AN MPLS-BASED VPN, COMPRISES THE STEPS OF: 



(A) CREATING AN AUXILIARY GRAPH OF START AND FINISH NODES AND 
ONE NODE FOR EACH NODE IN THE VPN THAT IS SATURATED 
WITH INBOUND FLOW; 



(B) CREATING A DIRECTED EDGE BETWEEN THE NODES REPRESENTING A 
LEAST COST OF ADDING FLOW FROM A NODE WHICH HAS FLOW LEFT TO 
PLACE, TO A NODE WHICH HAS CAPACITY TO RECEIVE THE FLOW; 



(C) CALCULATING A SHORTEST PATH ALGORITHM TO FIND THE PATH FROM 
START AND FINISH NODES GIVING AN OPTIMAL WAY OF SERVING THE NODES 
THAT _ HAVETREVrOUStY~UNSERVEDl]NITS~OFTL"OirAND 



(D) OUTPUTTING L AS A GREATEST LOWER BOUND FOR THE BANDWIDTH 

USED. 
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FIG. 3 



THE STEP OF COMPUTING A LEAST UPPER BOUND FOR THE 
BANDWIDTH USED IN AN MPLS-BASED VPN, COMPRISES THE 
STEPS OF: 



(E) CREATING AN AUXILIARY GRAPH CONSISTING OF THE 
NODES START, FINISH, AND ONE NODE FOR EACH NODE IN 
THE VPN THAT IS SATURATED WITH INBOUND FLOW; 



(F) CREATING A DIRECTED EDGE BETWEEN THE NODES 
REPRESENTING A GREATEST COST OF ADDING FLOW FROM A 
NODE WHICH HAS FLOW LEFT TO PLACE, TO A NODE WHICH 
HAS CAPACITY TO RECEIVE THE FLOW; 



(G) CALCULATING A LONGEST PATH ALGORITHM TO FIND THE 

PATH FROM^ START TO FINISH, GIVING A WORST WAY OF 

SERVING THE NODES THAT HAVE PREVIOUSLY UNSERVED 
UNITS OF FLOW; AND 

1 

(H) OUTPUTTING U AS A LEAST UPPER BOUND FOR THE 
BANDWIDTH USED. 



THE REMAINING STEP OF COMBINING THE UPPER BOUND AND 
THE LOWER BOUND TO PRODUCE AN ESTIMATE FOR THE 
COST OF THE BANDWIDTH, COMPRISES THE STEP OF: 



(I) SETTING A TOTAL-COST * aX U + (1 - a)XL 
WHERE a IS A MEASURE OF RISK OF LOSING MONEY BY 
CARRYING A GIVEN CUSTOMER'S VPN. 
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FIG. 3(d) 
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FIG. 4 

COST/KILOBIT FOR 50 NETWORK OF 5 NODES 
MIN COST | 




NETTWORKS IN SQUAREWORLD 



